SUMMARY During a normal and an accelerated intestinal transit, in seven healthy volunteers, the recoveries of salicylazosulphapyridine (SASP) and its split products sulphapyridine (SP) and 5-aminosalicylic acid (5-ASA) were determined in urine and faeces. The azo-reduction of SASP and consequently the recovery of 5-ASA in the faeces was found to be substantially decreased during an accelerated intestinal transit. In addition, in 18 patients with inflammatory disease of the colon during maintenance therapy of SASP it could be demonstrated that the serum SP levels were related to the diarrhoeal state and did not correlate with disease activity. As recent studies have reported that 5-ASA is possibly the active therapeutic moiety of SASP, the ineffectiveness of SASP therapy in patients with active colitis may be ascribed to the reduced azo reduction of SASP as the result of profuse diarrhoea.
Salicylazosulphapyridine (Salazopyrin, Sulphasalazine, SASP) has been widely used in the treatment of ulcerative colitis and Crohn's disease. However, its mode of action is still unknown. SASP is composed of sulphapyridine (SP) in azo-linkage with 5-aminosalicylic acid (5-ASA). After an oral dose of SASP in man, only a small fraction has been found to be absorbed in the small bowel and excreted in the urine. The greater part of the drug reaches the colon and is almost completely split at the diazo bond by bacterial azo-reductases into SP and 5-ASA (Schroder and Campbell, 1972; Peppercorn and Goldman, 1973) . SP is then mostly absorbed and subsequently partially metabolised in the liver (acetylation and glucuronidation) before excretion in the urine. The 5-ASA moiety is largely recovered in the faeces and only a small portion is found in the urine as acetylated form.
As SASP is particularly effective in the treatment of inflammatory disease of the large bowel, it has been suggested that one of the metabolites, rather than SASP itself, is responsible for the drug's activity at the site of breakdown. Although controlled trials have established the value of SASP in 'Address for correspondence: P. A. M. van (Baron et al., 1962; Dick et al., 1964) and in maintenance therapy to prevent recurrence of the disease (Misiewicz et al., 1965; Dissanayake and Truelove, 1973 ) SASP even in a high dose is not very effective in patients with severe colitis. The relative ineffectiveness of the drug in such situations might be attributed to a reduction of the breakdown of SASP because of severe diarrhoea. Therefore, the influence of the intestinal transit time and the disease activity on the azoreduction of SASP was studied.
Methods

PATIENTS
Seven healthy male volunteers with no previous history of gastrointestinal disorders or diarrhoea were studied with their informed consent. No drugs had been consumed in the three months before the investigations. The recoveries of SASP, SP (total amount of SP, acetyl-SP, SP-glucuronide, and acetyl-SP-glucuronide) and 5-ASA (total amount of 5-ASA and acetyl-5-ASA) in urine and faeces were determined during a normal and an accelerated intestinal transit.
Influence of intestinal transit time on azo-reduction of salicylazosulphapyridine (Salazopyrin) foodstuffs were consumed until 6 pm on the first day. Twenty-four hour urine specimens were collected for four days. In this period, the time and frequency of defaecation was noted (0-2 solid stools per day). The stool of every passage was collected separately in a box and mixed with a solution of 0-2% HgCl2. Addition of an enzyme inhibitor such as HgCl2 to the faeces is necessary to prevent further azo-reduction of SASP during storage. An accelerated intestinal transit time was then induced by using bisacodyl (Dulcolax, 3-6 tablets per day). This laxative was chosen because the effect is exerted mainly on the colon (Fingl, 1975) . By this treatment, all subjects had four or more watery stools per day. The experiment was then repeated in this period, usually one week after the first part of the experiment.
The intestinal transit time was determined by measuring the radioactivity of 51Cr in each sample of facces. Intestinal transit time was defined as the period between the time of 51CrCl3 ingestion and the moment when at least 90% of 51Cr was excreted in the stools. All the samples were then pooled and homogenised.
To investigate whether the inflammatory activity of the large bowel may influence the metabolism of SASP, serum levels of SASP and SP (SP+ ac-SP) were determined in 18 patients with inflammatory disease of the colon who were taking a maintenance dose of 6 g SASP per day, during both active and quiescent phases of the disease. The assessment of disease activity was based on clinical, radiological, and endoscopic criteria. In nine patients the stool frequency and consistency remained unchanged in both periods (2-6 ± 1 2 (mean ± SD) soft or solid stools per day). Nine other patients had more severe diarrhoea (4-8 ± 2-4 watery or soft stools per day) in the active phase of the disease and almost normal defaecation (2'0 ± 0 9 soft or solid stools per day) during a remission.
To investigate the possible effects of bisacodyl on azo-reduction of SASP the following in vitro study was carried out. Immediately after defaecation, the faeces of a healthy subject were homogenised and diluted 10 times, partly with a 0.9% NaCl solution and partly with a bisacodyl solution (5 mg = 1 tablet in 50 ml 0 9y% NaCI). pH was adjusted to 7 5 by adding 0f02 mol veronal buffer. Then SASP was added to a concentration of 100 ,ug/ml faecal suspension. One millilitre aliquots of these faecal suspensions were incubated at 37°C. One millilitre 02.2% HgCl2 solution was added to 1 ml suspension (to stop the azo-reduction of SASP) at 0, 10, 30, 60, 120, 180, and 240 minutes after incubation. In each sample of faeces the concentration of SP was determined. In this way the reduction rate of the azo bond of SASP could be determined both in a faeces suspension without and with bisacodyl.
To study whether the faecal flora of patients with severe colitis was capable of reducing SASP at similar rates, the faecal concentrations of SASP and SP were determined at different times after defaecation in a patient with active colitis and severe diarrhoea (six to eight watery stools per day) using a maintenance dose of 6 g SASP per day. Immediately after defaecation the faeces were homogenised and diluted (three times) as described above. One millilitre aliquots of the faecal suspension were made. One millilitre 02% HgCl2 solution was added to a 1 ml sample immediately after defaecation and after incubation at 37°C for 0 5, 1, 2, 3, 4, and 21 hours. In each sample of faeces the concentrations of SASP and SP were determined.
All specimens of serum, urine, and faeces were stored at -20'C before analysis.
SASP and SP (free SP and acetylated and/or glucuronidated metabolites) were determined by the methods of Sandberg and Hansson (1973) and Hansson and Sandberg (1973) . Analysis of 5-ASA (and ac-5-ASA) was carried out by a modified method of Pieniaszek and Bates (1975) . SP and metabolites were extracted before determination of 5-ASA to avoid interference of ac-SP with the colour reaction of 5-ASA. All specimens of each subject were analysed in duplicate. The analytic errors for these methods were found to be less than 5%, except for 5-ASA in faeces (less than 10%).
Results
In the healthy volunteers, the total recoveries in urine and faeces of SP and 5-ASA, including those remaining in the non-dissociated parent compound (SASP), were 82-4 ± 11-9 %Y (mean ± SD) and 97.7 ± 15-4% of the ingested dose, respectively. The recoveries of SASP, SP, and 5-ASA in urine and faeces after a single oral dose of 3 g SASP in normal and in accelerated intestinal transit are summarised in the Table. Where intestinal transit time was normal (35 to 93 hours) SASP was almost completely split in the colon. Only 3-2% of the given dose was found as SASP in urine and 0 5 %Y in the faeces. SP was mainly recovered in the urine (63-1 % of the total amount of SP in SASP), whereas 5-ASA was largely excreted in the faeces (74-4y%). These findings agree with those found by Peppercorn and Goldman (1973) . Where intestinal transit time was accelerated (eight to 28 hours), 45,4y/ of the administered SASP was found unchanged in the faeces. The recovery of 5-ASA in the faeces decreased to 45.5%. The recovery of SASP in urine was not influenced by the intestinal transit time. Although In the patient with active colitis, the concentra- (1964) , it has been shown that SASP therapy is effective in mild and moderate active colitis. As it has been suggested that the active compound of SASP in the treatment of inflammatory bowel disease is 5-ASA (Khan et al., 1977; van Hees et al., 1978) , it is possible that the ineffectiveness of SASP in severe colitis (colitis with severe diarrhoea) is due to an accelerated intestinal transit, so that the opportunity for colonic bacteria to carry out the azoreduction of SASP is diminished. In this study, we have demonstrated that an accelerated intestinal transit did indeed reduce the splitting of SASP in the large bowel. These results suggest that the intestinal transit time may play a key part in determining the drug's therapeutic effect. It seems important, therefore, to study whether antidiarrhoeal drugs might influence the efficacy of SASP in the treatment of patients with severe colitis. In patients using SASP as maintenance therapy, Das et al. (1973) found that patients in remission had higher SP-levels than patients with an active colitis. They concluded that a serum SP-concentration within the range of 20-50 ,ug/ml could be considered to be the most effective therapeutic concentration. These results can be explained in two ways: (1) higher serum concentrations of SP cause healing in patients with active colitis, or (2) the diarrhoeal state in patients with active colitis prevents the attainment of a high serum SP-level.
From our present findings, it is clear that the serum SP-level depends on the intestinal transit time and is not correlated with the disease activity as such. 
